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(54) Symmetrical DC/DC converter 



(57) A symmetrical DC/DC converter is adapted to 
desirably select an energy transferring direction and a 
step-up or a step-down operation as well as a desired 
step-up or a step-down ratio. The converter comprising 
a single inductor with a pair of switching means connect- 
ed to its terminals in a symmetrical arrangement with 



respect to the inductor. The converter is operable as a 
step-up converter and a step-down converter in a man- 
ner such that one and the other of the switching means 
are used as an input switch and an output switch, re- 
spectively, and that one and the other of the switching 
means are conversely used as an output switch and an 
input switch, respectively. 
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Description 

Background of the Invention: 

^ (1) Technical Field 

10 (2) Background Art 

electric double layer capacitor is known as an energy storage device having a voltage variable 
Luble layer cap^toT the automobile is used as a load to consume an electric energy of the eiectric 

f T »"»»'»■" con.aV“ HoZa" 

30 Sn^rter^^ DC/DC converter of the type described, proposai has aiready been made of a so-called bidirectional 

fSch®L 1"? ® 

four teLinalJ ^ ^ ® ®vvitching circuits and 

35 Stelayi\a?a“^^^^^^ 

like ?n thte et^nTthTSo?^^^^^ ‘"'[T PWftlTrPulsrwil’ c“or the 

the electricenergy generated by themoto?issu;^^^^^^^^^ 

[0008] Japanese Unexamined Patent Publication No. 2000-33445 rjP 2000 3344f: Hicr-iocc. 

unit controls respective gates of the first, the second, the third, and the fourth FETs so that the electric enerav is sunniipd 

» /c “ "" ““■* '“W “»«»- » -ovTea L , JLk 

Irln7 includes voltage variation corresponding to the amount of energy. Therefore it is necessary not onlv to 

[00111 '"»o=o»o.ra«.s,i,e„i.aon.,rao,.<,0,acombina«onof.pla,,,,Vo(“n”rgy.,omg,d“iS^^^ 
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of power generators, and a plurality of loads, it is necessary to set an appropriate step-up ratio or an appropriate step- 
down ratio of the DC/DC converter connected to these components. Thus, each of the existing bidirectional DC/DC 
converters is not applicable to such system. 

5 Summary of the Invention: 

[0012] It is therefore an object of this invention to provide a symmetrical DC/DC converter which is operable in a 
variable direction corresponding to an energy transfer direction at a step-up or a step-down ratio corresponding to an 
input/output voltage ratio. 

10 [0013] According to this invention, there is provided a symmetrical DC/DC converter comprising a single inductor 

with a pair of switching means connected to Its terminals in a symmetrical arrangement with respect to the Inductor, 
the converter being operable as a step-up (boost) converter and a step-down (buck) converter in a manner such that 
one and the other of the switching means are used as an Input switch and an output switch, respectively, and that one 
and the other of the switching means are conversely used as an output switch and an input switch, respectively. 

15 

Brief Description of the Drawing: 

I 

[0014] 

20 Fig. 1 Is a circuit diagram showing the structure of a first existing bidirectional DC/DC converter; 

Fig. 2 is a circuit diagram showing the structure of a second existing bidirectional DC/DC converter; 

Fig. 3 is a circuit diagram of a symmetrical DC/DC converter according to a first embodiment of this invention; 

Fig. 4 Is a circuit diagram of a symmetrical DC/DC converter according to a second embodiment of this invention; 

Fig. 5 shows the symmetrical DC/DC converter in Fig. 4 during a step-up operation using third and fourth terminals 
25 as input terminals; 

Fig. 6 shows the symmetrical DC/DC converter in Fig. 4 during a step-down operation using third and fourth ter- 
minals as input terminals; 

Fig. 7 Is a circuit diagram of a symmetrical DC/DC converter according to a third embodiment of this invention; 

Fig. 8 is a circuit diagram of a symmetrical DC/DC converter according to a fourth embodiment of this invention; 

30 Fig. 9 is a circuit diagram of a symmetrical DC/DC converter according to a fifth embodiment of this invention; 

Fig. 10 is a circuit diagram of a symmetrical DC/DC converter according to a sixth embodiment of this invention; 
Fig. 11 is a flow chart for describing an operation of the symmetrical DC/DC converter illustrated in Fig. 10; 

Fig. 1 2 is a circuit diagram of a symmetrical DC/DC converter according to a seventh embodiment of this invention; 
and 

35 Fig. 13 Is a flow chart for describing an operation of the symmetrical DC/DC converter illustrated In Fig, 1 2. 

Description of the Preferred Embodiments: 

[0015] For a better understanding of this invention, description will at first be made of existing DC/DC converters. 
40 [0016] Referring to Fig. 1, a first existing bidirectional DC/DC converter Is connected between an electric double 

layer capacitor 1 7 as a power supply and a motor 1 9 as a load and comprises a transformer 26 and a pair of switching 
circuits 27 and 29. 

[0017] In case where an electric energy is supplied from the electric double layer capacitor 17 to the motor 19 to 
drive the motor 1 9, the switching circuit 29 is put into an opened state while the switching circuit 27 is operated under 
45 PWiy| control or the like. In this event, the DC/DC converter is operated as a forward converter circuit. 

[0018] In case where an electric energy generated by the motor 1 9 is supplied to the electric double layer capacitor 
1 7 to charge the electric double layer capacitor 1 7, the switching circuit 27 is put into an opened state while the switching 
circuit 29 Is operated under the PWM control or the like. In this case, the DC/DC converter is operated as the forward 
converter circuit. 

50 [0019] Referring to Fig. 2, a second existing bidirectional DC/DC converter 31 is connected between a d.c. power 

supply 33 and a load 37 including a capacitor 35. The second existing bidirectional DC/DC converter 31 uses FETs as 
switching devices. Specifically, the second existing bidirectional DC/DC converter 31 comprises a first series circuit 
43, a second series circuit 49, an inductor 23, and a control unit (not shown). The first series circuit 43 comprises first 
and second FETs 39 and 41 connected in parallel to the d.c, power supply 33. The second series circuit 49 comprises 
55 third and fourth FETs 45 and 47 connected in parallel to the load 37. The inductor 23 is connected between a junction 
of the first and the second FETs 39 and 41 and another junction of the third and the fourth FETs 45 and 47. The control 
unit controls respective gates of the first, the second, the third, and the fourth FETs 39, 41 , 45, and 47 so that the 
electric energy is supplied from the d.c. power supply 33 to the load 37 and that the electric energy stored In the 
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capacitor 35 is recovered and fed back to the d.c. power supply 33. 

raS?! rT’ several preferred embodiments of this invention with reference to the drawing 

S ' ^ converter 51 according to a first embodiment of this invention corn- 

srSion f ^ r' 53’ 53 individualiy controlling the switching portions 53 53 

ro^ o an input/output direction (i.e.. an energy transfer direction) and a step-up orastep-down operalion.’ 

H ! oo symmetricai DC/DC converter 55 according to a second embodiment of this invention 

theTdSS Third a°ndft dh 59 having one ends connected to one end of 

the nductor 23 third and fourth switching portions 6t and 63 having one ends connected to the other end of the inductor 

23 hrst through fourth terminals 65, 67. 69, and 71 connected to the other ends of the first through the fourth switching 
portions 57. 59, 61 , and 63, respectively, and a pair of capacitors 73. 73 connected between the first and the second 
swrtching Port'ons 57 and 59 &nd between the third and the fourth switching portions 69 and 71, respectively. The 
second and the fourth terminals 67 and 71 are connected to each other 

[0023] Table 1 showre the states of the first through the fourth switching portions 57, 59, 61 , and 63 in case where 
the first and the second terminals 65 and 67 are used as input terminals while the third and the fourth terminals 69 and 

Lo3tfon rTd th t terminals 69 and 71 are used as Input terminals. For each case, the step up 

operation and the step-down operation are shown, h k 
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Table 1 



30 



35 



40 



45 



50 
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1st, 2nd Tenninals 


3rd, 4th Terminals 




57 


59 


61 


63 


Input 


Output 


Step-up 


ON' 


OFF 


D 


SW 


Step-down 


SW 


D 


ON 


OFF 


Output 


Input 


Step-up 


D 


SW 


ON 


OFF 


Step-down 


ON 


OFF 


SW 


D 



1' ?!"" T ^ short-circurted or a closed state and an opened state, respectively. 

sfJo .1 ON/OFF is intermittently switched under PWM control or the like so that an appropriate 

roMisT '■®“° obtained. "D" represents a rectifying state of performing a rectifying operation 

[0025] Referring to Fig. 5, the symmetrical DC/DC converter 55 is operated as a step-up converter with the first and 

teSffhe St IZl switching portion 57 is in the ON state, i.e.. in the closed state while the second switching portion 59 
' J" ^ 2 fl ®'^'t®bing portion 61 is in the D state, i.e., acts as a diode 75 to 

to operation The fourth switching portion 63 is in the SW state, i.e., acts as a switching circuit 77 

to controllably set an appropriate step-up ratio. 

frPnLtrnT""®,*® DC/DC converter55 according to the second embodiment of this invention 

th Th 1 f ®P*''®'^" converter with the first and the second terminals 65 and 67 used as input terminals and 

the third and the fourth terminals 69 and 71 used as output terminals, like in case of Fig 5 

(00281 The first switching portion 57 is in the SW state, i.e., acts as the switching circuit 77 to contmllably set an 

"T^® ®®®°"'' switching portion 59 is in the D state, i.e., acts as the diode 75 to peitorm the 

SK3°te12troFF®*t [ * ® - '" the closed state while the fourth switching 

portion 63 is in the OFF state, i.e,, in the opened state. y 

whTLThirT tnrt'irT’ ah f ® ‘®""‘"a's 65 and 67 are used as output terminals 

rhano nn thl t ^ the fourth terminals 69 and 71 are used as input terminals, the similar operation is realized by 

aJr«^nT?hlr h ft? th® u® between a pair of the first and the second switching portions 57 and 59 

and another pair of the third and the fourth switching portions 61 and 63 

m converter according to a third embodiment of this invention is similar 

in structure to the s ,n the third embodiment, each of the first through the fourth switching portions 

roosil’ TLnA L T®®?? f IT® <77a-77d) and a rectifier 75 connected in parallel to each other. 

L f t ^ »h ^ shows the states of the first through the fourth switching portions 57, 59, 61 , and 63 in case where 

7Tirrus1d af f ®®"? ® ®r® "s®'' as input terminate while the third and the fourth terminals 69 and 

71 are used as output terminals and in case where the first and the second terminate 65 and 67 are used as output 

loTrLTof rff to *'’® 69 and 71 are used as input terminais. For each case, the step-up 

operation and the step-down operation are shown. ^ ^ 
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Table 2 



1st, 2nd Terminals 


3rd, 4th Terminals 




57 


59 


61 


63 


Input 


Output 


Step-up 


ON 


D 


D 


SW 


Step-down 


SW 


D 


ON 


D 


Output 


Input 


Step-up 


D 


SW 


ON 


D 


Step-down 


ON 


D 


SW 


D 



[0032] In Table 2, If the switching circuit 77 is put in the OFF state, i.e., in the opened state, the switching portion 
performs the rectifying operation in the D state because the diode 75 Is connected in parallel to the switching circuit 
77. Therefore, the OFF state or the opened state in each part of Table '1 is changed into the D state of the rectifying 
operation. 

[0033] However, at the part where the opened state Is changed into the D state of the rectifying operation, the diode 
in the switching portion is not applied with a forward voltage. This means that this D state is equivalent to the opened 
state. Therefore, the operation similar to that shown in Table 1 is achieved. 

[0034] Thus, in the symmetrical DC/DC converter in Fig. 7, the operation similar to that shown in Table 1 can be 
realized simply by turning ON/OFF of the switching circuit 77. 

[0035] Referring to Fig. 8, a symmetrical DC/DC converter 79 according to a fourth embodiment of this invention 
uses FETs 81 as the switching circuits 77 (77a-77d) Illustrated in Fig. 7. Each of the FETs 81 has a body diode 83 
which can be used as a rectifier. 

[0036] As illustrated in Fig. 8, the diode 75 as a high-performance diode which is low in forward voltage Vf than the 
body diode 83 and short in recovery time is connected in parallel to the body diode 83 of each FET 81 to be oriented 
in the same direction. With this structure, the symmetrical DC/DC converter 79 is operable Irrespective of the body 
diode 83. 

[0037] Referring to Fig. 9, a symmetrical DC/DC converter 85 according to a fifth embodirrient of this Invention has 
a structure in which the diode operation In the DC/DC converter In Fig. 8 is realized by synchronous rectification so as 
to improve the efficiency. 

[0038] Specifically, in the fifth embodiment, a diode 21 is connected to one end of each FET 81 through a resistor 
87 so as to perform analog control In a manner such that the output of an operational amplifier 89 is not saturated on 
a minus side. 

[0039] As described above, according to the first through the fifth embodiments of this Invention, it is possible to 
provide a symmetrical DC/DC converter operable in a desired energy transfer direction and at a desired step-up or a 
desired step-down ratio. 

[0040] Referring to Fig. 1 0, a symmetrical DC/DG converter 91 according to a sixth embodiment of this invention is 
used in a similar energy transfer system to that mentioned in conjunction with the second embodiment. The converter 
91 is connected to the electric double layer capacitor 17, a solar cell 93, and a light emitting device 95 as an energy 
storage device, a power generator, and a load among which the electric energy is transferred. A control unit 97 is 
supplied from voltage monitors 99 and 101 with voltage information of each terminal and from current sensors 1 03 and 
105 with current information of each terminal. The control unit 97 has a fur^ction of Judging the state of energy with 
reference to the voltage information and the current information. The control unit 97 is connected to the first through 
the fourth switching portions 57, 59, 61 , and 63 so that each of the switching portion is controllably put into one of a 
switching state (SW state) of switching the opened state and the closed state at a high speed, the closed state (ON 
state), the opened state (OFF state), and the rectifying state (D state) of the rectifying operation or flowing an electric 
current only in one direction. 

[0041] Referring to Fig. 11 , in the symmetrical DC/DC converter 91 according to the sixth embodiment of this inven- 
tion, the state of each of the first through the fourth switching portions 57, 59, 61 , and 63 Is controlled by the control 
unit 97. The control unit 97 acquires and judges the voltage information from the voltage monitors 99 and 101 (steps 
SA1 and SA2) and the current information from the current sensors 103 and 105 and determines which terminals are 
to be used as Input and output terminals (i.e., the energy transfer direction) and whether the DC/DC converter is to be 
operated as a step-up converter and a step-down converter (step SA3). 

[0042] Once the energy transfer direction and one of the step-up and the step-down operations are determined, the 
switching portions 57, 59, 61 , and 63 are controllably put into the states shown in Table 3 to perfomri the corresponding 
operations. In addition, for each of the switching portions in the SW state, time intervals between opening and closing 
operations are controllably set to appropriate lengths In correspondence to the input/output voltage ratio (step SA4), 
After energy transfer is performed (step SA5), the control unit 97 again judges the voltage information from the voltage 
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th^ and 1 01 and the current information from the current sensors 1 03 and 1 05 and determines how to operate 



Table 3 



10 



15 



20 



25 



30 



35 



40 



45 



50 



j 1st, 2nd Terminals 


3rd, 4th Terminals 




77a 


77b 


77c 


776 


Input 


Output 


Step-up 


ON 


OFF 


OFF 


SW 


Step-down 

■ 


SW 


OFF 


ON 


OFF 


Output , 


Input 


1 

Step-up 


^FF 


3W 


^ON 


^OFF 


Step-down 


ON 


OFF 


SW 


OFF 



[0043] ^e sixth embodiment has a structure such that not only the electric energy generated by the solar cell 93 is 

. When the solar cell 93 generates an electric energy sufficient to make the light emitting device 95 fully emit lioht 
e control unit 97 judges that the operation of charging the electric double layer capacitor 1 7 is to be carried out At 
this tjme, irrespective of the state of energy, i.e.. the voltage of the electric double layer capacior 1 7 th^Srol un^ 
97 judges the mput and the output voltages of the converter 91 and determines the step-up or the step-down operation 

to emftHohrLe^h*' capacitor 1 7. Furthermore, it is assumed that the light emitting device 95 is^desired 

to emit I ght even when the solar cell 93 does not generate the electric energy. In this event if the voltaae of the 01^1. 

ouble layer capacitor 1 7 is higher or lower than a particular voltage required to light erriission of the lioht emittinn 
device 95 the voltage is adjusted to an appropriate level and is then supplied to the light emitting device 95 Thus the 

light emitting device 95 emits light at a desired luminance ^mining oevice 95. Thus, the 

to Fig 1 2. a symmetrical DC/DC converter according to a seventh embodiment of this invention is 
rnnuort ' transfer system similar to that described in conjunction with the third embodiment The DC/DC 

Zer oenerrr"""H^ T -^“tor 19 as an e^^ stor^ devicf a 

power generator, and a load among which the electric energy is transferred. The control unit 97 is suoolied from 

cu?enn«onTeac^^ """" and 105 with 

t ® ® ‘orque sening unit 1 07 with torque information representative of a 

from these information supplied therein T^^cont^J colInlcte^tV^e^^^^^ ?7^so “^ 3^2 

Ke smte of th !f H DC/DC converter according to the seventh embodiment of this inven- 

, the state of the switching circuit 77 is controlled by the control unit 97. The control unit 97 is supplied with extomai 
input informa^on, i.e., the torque Information from the torque setting unit 107 in the illustrated example fsteo SB1) ThP 
control unit 97 is also supplied from the voltage monitors 99 and 1 01 with the voltaae information and fmm^th 

.rr,z ^ 

•Injure r *" I">m th® oun.n1 

103 and 105 and determines how to operate the switching circuits 77 next (step SB8). 



Table 4 



1st, 2nd Terminals 


3rd, 4th Terminals 




57 


59 


61 


63 


Input 


Output 


Step-up 


ON 


D 


D 


SW 


Step-down 


SW 


r D 


r ON 


^ D 
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Table 4 (continued) 



1st, 2nd Terminals 


3rd, 4th Terminals 




57 


59 


61 


63 


Output 


Input 


Step-up 


D 


SW 


ON 


D 


Step-down 


ON 


D 


SW 


D 



[0048] In the seventh embodiment of this invention, the desired torque of the motor 19 is used as the external infor- 
mation or signal. If the desired torque is smaller than an actual torque of the motor 19 in operation, for example, if the 
stop of rotation is desired while the motor 19 is rotated, the motor 19 acts as the power generator. At this time, Irre- 
spective of the state of energy, i.e., the voltage level of the electric double layer capacitor 17, and irrespective of the 
voltage level produced by the motor 19, the control unit 97 judges the input and the output voltages and detemiines 
the step-up or the step-down operation to charge the electric double layer capacitor 1 7. If the desired torque is greater 
than the actual torque of the rnotor 19 in operation, for example, if the rotation at a certain speed Is desired while the 
motor 19 is stopped, the motor 19 serves as the load. In this event, if the voltage of the electric double layer capacitor 
1 7 is higher or lower than a particular voltage required to operate the motor 1 9, the voltage is adjusted to an appropriate 
level to drive the motor 19. 



Claims 

1. A symmetrical DC/DC converter comprising a single inductor with a pair of switching means connected to its 
terminals in a symmetrical arrangement with respect to said Inductor, said converter being operable as a step-up 
converter and a step-down converter in a manner such that one and the other of said switching means serve as 
an input switch and an output switch, respectively, and that one and the other of said switching means conversely 
serve an output switch and an input switch, respectively. 

2. A symmetrical DC/DC converter as claimed in claim 1 , wherein: 

one of said switching means comprises two switching portions connected In series, said Inductor having one 
terminal connected to a junction between one terminals of said two switching portions of the one switching 
means, with a capacitor connected to the other terminals thereof in parallel to said two switching portions, said 
the other terminals acting as input or output terminals of said symmetrical DC/DC converter; 
the other of said switching means comprising two switching portions connected In series, said inductor having 
the other terminal connected to a junction between one terminals of said two switching portions of the other 
switching means, with another capacitor connected to the other terminals thereof in parallel to said two switch- 
ing portions, said the other terminals acting as output or input terminals of said symmetrical DC/DC converter; 
one of said input terminals and said output terminals being connected to each other. 

3. A symmetrical DC/DC converter as claimed in claim 1 , wherein said pair of switching means comprise four switching 
portions, each of said switching portions comprising a fast switching mechanism for switching an opened state 
and a closed state of each of said switching portions at a high speed at an appropriate interval, a mechanism for 
maintaining the closed state, and a rectifying mechanism for flowing an electric current only in one direction. 

4. A symmetrical DC/DC converter as claimed In claim 1 , wherein said pair of switcing means comprise four switching 
portions, at least one of said switching portions having a rectifying mechanism which uses a synchronous rectifying 
technique. 

5. A symmetrical DC/DC converter as claimed in any one of claims 1 through 4, wherein one and the other of said 
switching means comprise a combination of first and second switching portions and a combination of third and 
fourth switching portions, respectively, one of the Input terminals and one of the output terminals being connected 
to each other with Input/output common points formed therebetween, an input voltage being stepped up to a desired 
voltage as an output voltage, by: 

controllably putting the first switching portion between the Input terminal and the inductor into a closed state; 
controllably putting the second switching portion between the input/output common point and a junction of the 
first switching portion and the inductor into an opened state; 

controllably putting the third switching portion between the output terminal and the inductor into a rectifying 
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state of flowing the electric current in a direction from the inductor to the output terminal; 
controllably putting the fourth switching portion between the input/output common point and the junction of the 
mductor and the third switching portion into a switching state of switching the opened state and the closed 
state at appropriate time intervals at a high speed; and 

controlling the time intervals between opening and closing operations of each of the first to the fourth switching 
portions in the switching state. 



6. A syrametrical DC/DC converter as claimed in any one of claims 1 through 5, wherein one and the other of said 
switching means comprise a combination of first and second switching portions and a combination of third and 
fourth switching portions, respectively, an input voltage being stepped down to a desired voltage as an output 



15 



20 



controllably putting the first switching portion between the input terminal and the inductor into a switching state 
Of switching an opened state and a closed state at apprppriate time intervals; 

controllably putting the second switching portion between the input/output common point and the junction of 
the first switching portion and the inductor into a rectifying state of flowing the electric current in a direction 
from the input/output common point to the Inductor; 

controllably putting the third switching portion between the output terminal and the inductor into the ciosed 
State; 



controllably putting the fourth switching portion between the input/output common point and the junction be- 
tween the third switching portion and the inductor into the opened state; and 

conttolling the time intervals between opening and closing operations 6f each of the first to the fourth switching 
portions in the switching state. 
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40 
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A symmetrical DC/DC converter as claimed in any one of claims 1 through 6, further comprising a control unit tor 
monitoring an electric voltage or an electric current for both of two input terminals and two output terminals auto- 
matically judging an energy transfer direction with reference to the state of each of the input and the output teimi- 
nals, and controllably putting each of four switching portions into a desired state selected from a switching state 
of switching an opened state and a closed state at appropriate intervals at a high speed, a closure maintaining 
state, and a rectifying state of flowing an electric current only in one direction, said four switching portions consti- 
tuting said pair of switching means. 

A symmetrical DC/DC converter as claimed in claim 1 , further comprising a control unit for monitoring an electric 
VO age or an electric current for both of two input terminals and two output terminals, judging the state of each of 
said input and said output terminals, automatically judging an energy transfer direction through synthetic judgment 
o the information representative of the state of each of said input and said output terminals and external informa- 
tion, and controllably putting each of four switching portions into a desired state selected from a switching state of 
switching an opened state and a closed state at appropriate time intervals, a closure maintaining state and a 
ratifying state of flowing an electric current only in one direction, said four switching portions constituting said pair 
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